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I. Experimental Section
Chemicals and reagents: All chemicals and reagents were commercially available and used as received.
3-Methyl-1-butyne ( i PrC≡CH, 96%) was purchased from Alfa Aesar; 3,3-dimethyl-1-butyne ( t BuC≡CH, 97%) was purchased from International Laboratory USA; tert-butylphosphonic acid ( t BuPO 3 H 2 , 98%) was purchased from Acros Organics; sodium orthovanadate (Na 3 VO 4 , 98%) was purchased from Farco Chemical Supplies.
Instrumentation: Elemental analyses (C and H) were performed on a Perkin-Elmer 2400 elemental analyzer. IR spectra were recorded in the range 400−4000 cm -1 on a Nicolet Impact 420 FTIR spectrometer with pressed KBr pellets. Powder X-ray diffraction (PXRD) were performed using a Rigaku SmartLab X-ray diffractometer (CuKα radiation). Energy dispersive X-ray spectroscopy (EDS) analysis was performed on a JEOL JSM6700F field-emission scanning electron microscope equipped with an Oxford INCA system. Thermogravimetric analysis (TGA) was carried out on a Mettler Toledo TGA/SDTA 851e analyzer at a ramp rate of 10 ºC/min from 50 to 800 ºC. Electron paramagnetic resonance (EPR) data of 3 and 4 were recorded on a Bruker EMX-EPR Spectrometer at T = 7 K in the solid state. UV-Vis-NIR diffuse reflectance was recorded using finely ground powder samples with BaSO 4 as standard on a SHIMADZU UV-3600 spectrophotometer. Temperature-dependent emission spectra and lifetimes were recorded using a FLS980 Edinburgh spectrometer equipped with an OptistatDN2 cryostat. The recording temperature range for 1 and 2 was 77−398 K and 77−328 K, respectively. The upper temperature limits are lower than the thermal stability temperature of 1 and 2 (423 K) since the emission intensity above such temperature became very weak. The excitation and emission spectra were processed with standard corrections to eliminate the influence of the excitation source and the sensitivity of the detector. Decay lifetimes were measured using a µF900 pulsed Xenon microsecond flash lamp with instrumental response function (IRF) applied.
Syntheses:
[Cu(I) 15 ( t BuC≡C) 14 NO 3 ] (1)
To a 250-ml round-bottom flask, Cu(II)(NO 3 ) 2 ·3H 2 O (0.50 mmol, 0.121 g), copper powder Cu(0) (0.127 g, 2.00 mmol), t BuC≡CH (0.5 ml, 4.06 mmol) and methanol (10 mL) were added. This flask was capped with a stopper and sealed with parafilm. The reaction mixture was stirred overnight to give a red solution.
This crude solution was filtered, and red crystals of 1 were obtained by storing the filtrate at −20°C within S2 a few days. After removing the crystals by filtration, a second batch was collected to give a final yield of 80% To a 250-ml round-bottom flask, Cu(II)SO 4 (0.080 g, 0.50 mmol), copper powder Cu(0) (0.127 g, 2.00 mmol), t BuC≡CH (0.5 ml, 4.06 mmol) and methanol (10 mL) were added. This flask was capped with a stopper and sealed with parafilm. The reaction mixture was stirred overnight at 60°C to give a yelloworange precipitate. To dissolve the precipitate, an amount of ca. 50 ml methanol was added, and heated under stirring at 100°C for 2 hours to give a clear red solution. Upon filtration, the filtrate was transferred to a glass bottle and stored at −20°C to yield yellow crystals of 2 within two months. 
ІІ. Spectrometric Characterizations
Fig. S1 IR spectra of a) 1, b) 2, c) 3, and d) 4. KNO 3 and Na 2 SO 4 (dashed line) were used as references to identify the vibration frequency of NO 3 − and SO 4 2− in 1 and 2, respectively, which are marked by the double-head arrow. The signal of nitrogen is absent since its response is too weak to be detected for most common EDS detector designs. [2] -counter anion. [3] S11
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ІV. Crystal Structures
Single-Crystal X-ray Diffraction: Crystallographic data of 1−4 were collected at a temperature of 173 K on a single crystal diffractometer using graphite-monochromatic Mo Kα radiation (λ = 0.71073 Å). All structures were solved by direct methods and refined with the full-matrix least-squares technique based on F 2 using SHELXTL. [4] All non-hydrogen atoms were refined anisotropically, and hydrogen atoms bonded to carbon were generated geometrically. Compound 3 has a solvent accessible area of 13.3% per unit-cell (5499.0/41500.0 Å 3 ), in which the solvent molecules (CH 2 Cl 2 and Et 2 O) are highly disordered to be unambiguously modeled. SQUEEZE program implemented in PLATON was applied to remove solvent electron density (SQUEEZE result has been appended to cif file). [5] Furthermore, these solvent molecules evacuate from the crystal lattice at room temperature, which gave unsatisfactory TGA and EA results.
Therefore, TGA and EA measurements of 3 were performed on crystal samples after removing the Table S2 . Bond-valence sum (BVS) [6] 
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